Ultrasonic echocardiograms from the anterior cusp of the mitral valve have been obtained in 75 patients with aortic regurgitation in whom there was haemodynamic or surgical confirmation, or both, of the state of the mitral valve. Coincident mitral stenosis could be recognized from the echocardiogram in all cases by a slow diastolic closure rate and widening of the echo from the anterior mitral cusp. In many of these patients delayed systolic closure of the mitral valve was also seen. All patients with an Austin Flint murmur had either premature systolic closure of the valve and an accelerated diastolic closure rate or diastolic oscillations of the valve. The amplitude of excursion of the anterior mitral cusp was normal in patients with an Austin Flint murmur and reduced in patients with organic mitral stenosis.
It is suggested that the Austin Flint murmur may have two origins. It may be associated with premature mitral valve closure when a short diastolic filling time and a high left atrial pressure are accompanied by turbulent blood flow through the mitral valve, a situation similar to that in mitral stenosis. In patients without heart failure the Austin Flint murmur seems to be associated with rapid diastolic oscillations of the anterior cusp which when present are a diagnostic feature on the echocardiogram of patients with lone aortic regurgitation and which are not seen when there is associated mitral stenosis.
Echocardiograms of the mitral valve can therefore be used to differentiate organic from functional mitral diastolic murmurs in patients with aortic regurgitation. The method is very reliable.
When heart failure complicates aortic regurgitation echocardiography displays its mechanism. Apart from associated mitral stenosis, aortic regurgitation of recent onset (or exacerbation) can readily be distinguishedfrom chronic aortic regurgitation with heartfailure. The latter is associated with delayed mitral valve opening and with premature closure which is slight and does not precede the P wave of the electrocardiogram.
In acute aortic regurgitation the echocardiogram shows the singular combination of delayed diastolic opening together with gross prematurity of closure which often precedes the P wave. The resulting spectacular curtailment of the period when the mitral valve is open has precise diagnostic value. These features also are very reliable. In I862 Austin Flint described two patients tion. An opening snap is useful if present, but with severe aortic regurgitation in whom he atrial fibrillation, left atrial enlargement, and had heard a mitral presystolic murmur, but pulmonary venous congestion can be indicawho at necropsy had no evidence of mitral tors either of left ventricular failure in aortic valve disease. Just as in Austin Flint' 
Method
The equipment and technique used for ultrasound recording in our laboratory were the same as we have previously described (Pridie and Turnbull, i968). Ultrasonic waves are produced by applying pulses of electricity from a source' to a transducer on the praecordium. Some of these waves are reflected back from the anterior cusp of the mitral valve to the transducer again and set up secondary electric currents which deflect the spot of an oscilloscope, the movement of which is recorded either directly using a Polaroid camera or by feeding the pulse through a conventional strip recorder.2
With the patient supine, upward movements of the anterior cusp of the mitral valve occur during valve opening and downward movements denote closure. The patterns of movement which are recorded from normal mitral valves are seen in Fig. i (a) Heart rate soolmin. Diastolic closure rate 90 mm./sec. (b) Heart rate 5o/min. Diastolic closure rate 120 mm./sec. At this heart rate the long period of diastasis is noteworthy. In between diastolic closure and atrial systole the mitral valve oscillates slowly in the semiclosed position after completion of ventricular rapid-filling. These slow oscillations are seen only during this period of the cycle and are to be distinguished from the much faster oscillations which occur during the rapid filling phase as well as later in diastole in some patients with aortic regurgitation (Fig. 3a) . In this and subsequent figures vertical spots are I cm. apart and horizontal spots are i sec. apart. which in severe mitral stenosis persists throughout diastole; the ventricle is distended only slowly, and so the anterior cusp is only slowly pulled backwards (Fig. 2) . In the normal subject the rate of diastolic closure is between 70 and 120 mm./sec. In mitral stenosis the slope is flatter and lies between zero and 20 mm./sec., being flatter and slower in severe stenosis than in mild stenosis. This slowing of the diastolic closure rate has been shown to be proportional to the reduction in the mitral valve orifice (Segal, Likoff, and Kingsley, I966; Wharton and Lopez Bescos, I970) .
Results

Lone aortic regurgitation (55 patients)
The echocardiograms recorded from the patients with aortic regurgitation and in whom mitral stenosis was subsequently excluded showed up to four differences from the normal (Fig. 3) :
(I) The valve often showed characteristic fast fine repetitive oscillations (13 patients).
(2) The diastolic closure rate of the mitral valve was more rapid than in the normal, and in 35 cases without mitral valve disease it was over I20 mm./sec.
(3) Valve closure sometimes occurred before the QRS complex of the electrocardiogram (29 patients).
(4) The valve tended to be slightly thickened (4 patients). The frequencies with which these findings occurred are summarized in the Table. Aortic regurgitation with mitral valve disease Patients with a diastolic murmur due to organic mitral stenosis had a diastolic closure rate of less than 5o mm./sec., an abnormally wide echo, and diminished amplitude of movement. Two patients with less severe mitral stenosis and aortic regurgitation showed premature closure, but in the other i8 patients closure was normal or delayed.
The closure rate tended to be faster than in patients with lone mitral stenosis of comparable severity. the Q wave and after the P wave in patients in sinus rhythm. In such patients atrial contraction had reopened the valve in the usual way, and premature closure occurred during atrial relaxation before the onset of ventricular systole. It was thus favoured by the presence of a long PR interval (Fig. 3c) . In eight patients the mitral valve closed very prematurely, up tO 0-2 sec. before the Q wave (see Fig. 8a ). All these eight patients had aortic regurgitation of acute onset. All were in sinus rhythm and none had mitral stenosis.
In chronic aortic regurgitation the leak from aorta to left ventricle is never 'free', though it (a) ( is often loosely described as such. This is clearly shown by the usual maintenance of a diastolic aortic/left ventricular gradient (Fig.  6) . Slowing of the heart rate in such patients may permit equilibration of these pressures at end-diastole. A fast heart rate is therefore less likely to be associated with premature closure, which may appear when the heart rates slow down.
Distinction between acute aortic regurgitation and chronic aortic regurgitation is important. In acute aortic regurgitation as is seen after perforation of a cusp in infective endocarditis, or after sudden expansion of the aortic valve ring in dissection, the haemodynamic situation is quite different. Firstly the leak is often total with rapid equilibration of the aortic and left ventricular pressures. 'Even if the leak is less complete the left ventricle is small and its compliance early becomes exceeded as it rapidly distends after the onset of diastole. The steeply rising left ventricular pressure quickly exceeds the left atrial pressure and slams shut the mitral valve almost as soon as it has opened. Fig. 5 , taken with permission from the paper by Wigle and Labrosse (i965), shows these pressure relationships in a patient with aortic regurgitation of acute onset that was indeed 'free'. Under these haemodynamic circumstances premature closure of the mitral valve is inevitable and it can be gross (see Fig. 8a ). The mitral valve may close in mid-diastole, and it is not reopened by atrial contraction which does not raise the left atrial pressure above that in the ventricle. Patients with severe aortic regurgitation have a prolonged systolic ejection time. This means that diastolic opening of the mitral valve is also delayed. The combination of early closure and late opening of the mitral valve means that the mitral valve is open for an unduly small proportion of the cardiac cycle (Fig. 8b) Austin Flint (i886) considered that the murmur he had described was due to atrial contraction while the mitral 'curtains' were closed. However, this has never been a fully acceptable hypothesis, and in any case would only apply to patients with premature mitral valve closure. Most cardiologists have believed that the Austin Flint murmur is due to fluttering of the anterior cusp of the mitral valve produced by the aortic regurgitant jet passing in front and the mitral jet passing behind (Da Costa, I908). That such an oscillation may occur has been shown in I3 of the patients in this series. Nine of these patients had a mid-diastolic murmur and the echocardiogram of one is illustrated in Fig. 9 together with a phonocardiogram. Post- operatively the mitral valve oscillations disappeared and so did the mid-diastolic murmur. Other workers have considered (Lochaya, Igarashi, and Shaffer, I967) 
